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(Protopapadaki et al., ACP 2017)

The fraction of thin cirrus increases
as minimum temperature within
convective core decreases.



thin ci / total anvil

During Mature Stage
(fraction of CC btw 0.1-0.3%)

0.40 | | | | | | | |
[ ] ocean
0.35 - ) ® land ]
0.30 | 0’ ¢ -
0.25 | ¢ .
hhp
0.20 | o 4
0.15 | ¢ .
0.10 |- ¢ ¢§-
0.05 l l l l l l l l
195 200 205 210 215 220 225 230 235 240
I:?E,iu [K]
stronger > weaker

(Protopapadaki et al., ACP 2017)

The fraction of thin cirrus increases
as minimum temperature within
convective core decreases.
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» Stronger convective cores associated
with larger fraction of thin cirrus
coverage.
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(Protopapadaki et al., ACP 2017)

more convective =» more Thin Cirrus = more UT warming = less convective : Negative Feedback
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more convective =» more Thin Cirrus = more UT warming = less convective : Negative Feedback

Higher SST =» colder CTT =» more Thin Cirrus
(Cirrus-Detrainment-Temperature Feedback, Chou and Neelin 1999)




Motivation: To test the relationship between convective strength and fraction of cirrus

using AIRS-CloudSat collocation dataset.

1. Collocate AIRS and CloudSat
2. Use different proxies of convective strength from CloudSat
3. Collocate ARIS-CloudSat-ISCCPCT to find “Mature Stages”

During Mature Stage
(fraction of CC btw 0.1-0.3%)

0.40 | | I | | I | |
® ocean
0.35 |- i
* ® land

5030 F * ¢ . Can we see similar tendency
S sk ¢ te, ] based on AIRS-CloudSat?
IS
=~ 0.20 | P ' -
.G ’
= $ ¢
€ 015 | ) -

0.10 |- ¢ §-

005 l l | l l | l l

195 200 205 210 215 220 225 230 235 240

T&bm [K]
(Protopapadaki et al., ACP 2017)



an

oudosat Lollocation

Longitude

Longitude

Emissivity
e i A
-1061—1' ........ :: ........ ...... =-- ........ ..... i
woLI_gEEES2S-°F 7T oool
L TERemnaEgn s o= _ =
- - R L - B
T B B e e R :
3 4 5 6 7 8 9 10 11 12 13
Type of Clouds
R e |
-1081’ ............ - ET R s --=- ....................... .
——————— Lom= I
i"-lf--.-._:.-._.- -
_112_ .................. LEEEE T R ---w,-'___ ............... u

Height [km]

Latitude

0.8

0.6

0.4

0.2

2.5

1.5

10

-10

-20

[dBZ]

footprint of CloudSat

Convective Core: emissivity >0.98
Thick Cirrus: 0.5<emissivity <0.98
Thin Cirrus: emissivity <0.5



Emissivity

2D Histogram

290

NN R LT T M
BRI
R T T T T T 1T B

” Coonnnnnnndn

S
N ........v.-..
LI IR T 1] 1

13

12

11

10

Type of Clouds

Thick cirrus

o e

Thin cirrus

CloudSat

Emissivity

[zar]

[wy] wbBoH

Latitude



Longitude

Longitude

Emissivity

PPt e Y NS St s s
a0 B3 N N - ——
108 o= mEE T T ] o Cumulative Histogram
-110~~_;.'__'__"_Efé'_ EE = =-- ='- """ 1 Bloa 1600 | | | |
o EEEET SRS Enn et 1400
=-m-mm Cmae TR 02 . Over CloudSat CC
s 4 5 6 7 & 9 10 1 12 13 1000

800+

600 -

T T T T T T T T T T 3
et - - L L . 400+
s m ] s
408~ ------------ - B R REEEREERERRERE b 0.2 0.3 0.4 0.5 0.6
; - . 2
-110~~_: =" R |
: -."-':-"-..',,-“_:.-.-"‘ - J 7 15
_112_ .................. RS D FR Do '"-w,-'_._“- ..... 4
: : : . : - : : : : ' ' ' ' '
3i | i | i i | i | | i 1 12000 - i

3 04 5 6 7 8 9 10 1 12 13 w00, Over CloudSat Anvils |

8000

S TP o o o R SRR SO SISO 6000 - |
LR\ S 10

Height [km]

10L; ------- #W‘ ‘é ‘H‘ ,é~-~-~§ ----- 40 =7 o
o T i ~
1N WA o *“n_m”'*-“‘ T . : R T
5‘ """" ﬁ\‘f? """ """ ' """ 1 02 03 04 05 06 07 08 09 1
e, 1 1 il ’MH AIRS Emissivity

[45]
~-
(51
=2

7 8 9 10 11 12 13
Latitude



Longitude

Longitude

Emissivity

e ]
06 s R~ R IR I 08
08w o mEmmm==s s T 06 .
E E E mEmmmmm o m 2D Histogram
-1107".;.'_“ SESSSssZc--F 04
:-=-=“-*-.".=.=.: - - 3
_112_ _________ e _-_-.-_e_w!l_-."._,___._i.._____ _______________ ]
. R N . . .. .
. ‘ el i i | i ; | i 02
3 4 5 6 7 8 9 10 11 12 13
—
. 3 S
: -z
: 25 I
: —
5 (@)
: 2 %)
: o
15 <
L L 1 L 1 1 L 1 L L | 1

6 8 10 12 14 16

o ........ ..... D Cloudsat CTH (km)

L ’M | ||

3 4 5 6 7 8 9 10 11 12 13
Latitude

E

:-10:—:— ................. 4 0 g

5 =

L -10
5 20
Ozi | 1 | ] 1




Longitude

Longitude

Emissivity

BT R AN PIRD SRS[A OR R ]
067 :: ________ - =_ ________ S T R I ] 0.8
oo oiE822223%i0 0 0 | e -
H-EE R T 2D Histogram
-ﬂo~~.~.'_‘ EESEZES-C= TTooo W,
= diena.Es - - '
‘ :=:-:-- """ -"-“-"":"-u_._‘ """ 7
- e o . omm . 16|
= N S R 02
3 4 5 6 7 8 9 10 11 12 13

ey
=Y
T

"y
N
T

FFRE U = U RS WU PO N I N
e Ree 10/
408 -1t - TSR O SSRN S 1
-11o~~_;_'_ e _-— T 1

; .-.-H,'Hl

11
11
AIRS CTHcc (km)

.3---.._:,,_"_:._.-“1- - f ] 15

5
S

1
-
§

1

i

i

!

(=1}

CloudSat ! ! ! ‘ ‘ :
T T T T ' T r T T T T 11 12 13 14 15 16

T T 1 B CloudSat CTHce (km)

Height [km]

105 ) . ----- - 0 =
s : | ) : a
. 2,
s : f -10

TR U ,;,j rrrrrrrrrrrrr -

o 1 : -20
5 I3 l' ’M\".I
0‘\ | 1 | 1 1 | 1

3 4 5 6 7 8 9 10 11 12 13
Latitude



2. Compare Different Proxies of Convective Strength

AIRS: T_.. within convective core

CloudSat: I

Convective Core: CTH>10km & CBH<2km
Proxies: ETH (0 & 10dBZ), ETD (CTH-ETH)

Higher ETH and Shorter ETD

= Stronger Convective Core

CTH
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ETH 10dBZ ETH 0dBZ
ETH 10dBZ
Stronger Updraft Weaker Updraft

Takahashi and Luo (JGR 2014)



AIRS: T_. within convective core

CloudSat: ;

Convective Core: CTH>10km & CBH<2km
Proxies: ETH (0 & 10dBZ), ETD (CTH-ETH)

CTH —ggg
o9 CTH
ETH 0dBZ OOO 2%%
ETH 10dBZ 5 ETH 0dBZ
(Y ETD10dBZ ETH 10dBZ
Stronger Updraft Weaker Updraft

Takahashi and Luo (JGR 2014)

240
230
220
210

Tmin (K)

200
190

240

2D Histogram (%)

5 16 1I5
ETHOdBZ (km)

5 10 15
ETH10dBZ (km)

0 5 10

ETD10dBZ (km)

o = N W & ¢



+* Thick cirrus decreases but thin cirrus
increases with convective strength during
mature stage.
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+* Thick cirrus decreases but thin cirrus
increases with convective strength during
mature stage.
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+* Thick cirrus decreases but thin cirrus
increases with convective strength during
mature stage.
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AIRS: T .. within CC

CloudSat: ;

Proxies: Level of Neutral Buoyancy (LNB)

o LNB_CTH: The highest detrainment level
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+* Thick cirrus decreases but thin cirrus
increases with convective strength.
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AIRS: Fraction of CC btw 0.1-0.3% (Mature Stage)

\

CloudSat: Collocate with ISCCPCT

Growing: Before reaching the mim TB

Mature: Between growing and dissipating

Dissipating: After reaching the max radius

(Futyan and Del Genio, J Clim 2007)
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_“I! ” ” ”l !”! ”"l!u Thick cirrus decreases but thin cirrus

increases with convective strength.
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Conclusion and Discussion:

*» The tendency of thick cirrus decreases but thin cirrus increases with convective strength
is robust.



“» The tendency of thick cirrus decreases but thin cirrus increases with convective strength
is robust.

more convective = more Thin Cirrus = more UT warming = less convective : Negative Feedback
more convective =» less Thick Cirrus =» less UT warming =2 more convective : Positive Feedback
more convective =» less Thick Cirrus =2 more UT warming = less convective : Negative Feedback

Which feedback plays larger role?
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CC, Thick Cirrus, Thin Cirrus
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«» Cirrus fraction start to increase as the convective system ages.
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Introduction: Convective Strength vs. Thin Cirrus from AIRS
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